Background In sub-Saharan Africa, continued clinical follow-up, after cardiac surgery, is only available at urban referral centres. We implemented a decentralised, integrated care model to provide longitudinal care for patients with advanced rheumatic heart disease (RHD) at district hospitals in rural Rwanda before and after heart surgery. Methods We collected data from charts at noncommunicable disease (NCD) clinics at three rural district hospitals in Rwanda to describe the outcomes of 54 patients with RHD who received cardiac valve surgery during 2007-2015.
ABSTRACT Background
In sub-Saharan Africa, continued clinical follow-up, after cardiac surgery, is only available at urban referral centres. We implemented a decentralised, integrated care model to provide longitudinal care for patients with advanced rheumatic heart disease (RHD) at district hospitals in rural Rwanda before and after heart surgery. Methods We collected data from charts at noncommunicable disease (NCD) clinics at three rural district hospitals in Rwanda to describe the outcomes of 54 patients with RHD who received cardiac valve surgery during 2007-2015. Results The majority of patients were adults (46/54; 85%), and 74% were females. The median age at the time of surgery was 22 years in adults and 11 years in children. Advanced symptoms-New York Heart Association class III or IV-were present in 83% before surgery and only 4% afterwards. The mitral valve was the most common valve requiring surgery. Valvular surgery consisted mostly of a single valve (56%) and double valve (41%). Patients were followed for a median of 3 years (range 0.2-7.9) during which 7.4% of them died; all deaths were patients who had undergone bioprosthetic valve replacement. For patients with mechanical valves, anticoagulation was checked at 96% of visits. There were no known bleeding or thrombotic events requiring hospitalisation. Conclusion Outcomes of postoperative patients with RHD tracked in rural Rwanda health facilities were generally good. With appropriate training and supervision, it is feasible to safely decentralise follow-up of patients with RHD to nurse-led specialised NCD clinics after cardiac surgery.
BACKGROUND
Rheumatic heart disease (RHD) is a major cause of cardiovascular morbidity and death among children and young adults in low-income and middle-income countries. 1 RHD is largely preventable, yet >300 000 people die from RHD each year, and >1.2 million suffer from long-term complications including heart failure, atrial fibrillation, stroke and infective endocarditis. 2 Sub-Saharan Africa has the second highest prevalence of RHD in the world, and RHD in this region is often diagnosed at an advanced stage. 3 More than half of the patients with RHD in a registry involving 14 sub-Saharan Africa countries had severe valvular disease. 4 Questions remain about the best strategies for prevention and early diagnosis of RHD. 5 As a consequence, cardiac surgery is a key intervention in preventing early mortality among patients with RHD in this region. 6 Cardiac surgery for RHD consists of valve repair or replacement using either bioprosthetic or mechanical valves. 7 However, despite the need, access to cardiac surgery is severely limited in sub-Saharan Africa, 8 with an estimated 18 cardiac surgical procedures per million people compared with 1222 per million in the USA. 9 10 One of the main barriers to expansion of cardiac surgery for RHD in low and lower-middle income countries (LLMICs) in sub-Saharan Africa is concern regarding the quality of follow-up. 11 12 After cardiac surgery, patients with RHD require penicillin prophylaxis for prevention of rheumatic fever recurrence, and most patients will also require anticoagulation to prevent thromboembolic events in the setting of a mechanical prosthesis and/or atrial fibrillation. 13 In the few LLMICs in the region that have established cardiac surgery programmes, follow-up has been done by cardiologists at major referral centres. 14 The outcomes at these centres have been poor, with inadequate anticoagulation and high rates of loss to follow-up. 4 10 11 14 15 Additionally, centralised cardiac services are less likely to either find or retain impoverished patients from rural areas. 16 In November 2006, the Rwandan Ministry of Health (MOH) initiated a partnership with the Rwanda Heart Foundation and four international humanitarian organisations to increase access to cardiac surgery for children and young adults with rheumatic and congenital heart disease. 17 18 Rwanda, like most sub-Saharan African countries, has high rates of RHD (>123 000 cases estimated by the Global Burden of Disease Study) and extremely few cardiologists (only four working in the public sector). 3 19 All of the cardiologists in the country are based in the capital city. In order to increase case finding for structural heart disease and decrease barriers to follow-up before and after cardiac surgery, the MOH partnered Healthcare delivery, economics and global health with the non-governmental organisation (NGO) Partners In Health/Inshuti Mu Buzima (PIH/IMB) to decentralise advanced non-communicable disease (NCD) care, including cardiovascular care, to three rural district hospitals, each serving a catchment area of around 250 000 people. Beginning in 2007, these three rural district hospital outpatient clinics were equipped with a portable echocardiographic machine and point-of-care International Normalized Ratio (INR) testing, and supplied with warfarin and basic heart failure medications. Nurses at these clinics underwent 3 months of training, involving didactics and precepted clinical experiences with cardiologists and other specialists to prepare them to care for patients with severe chronic NCDs such as rheumatic and congenital heart disease, cardiomyopathies, severe hypertension, type 1 diabetes, severe chronic respiratory disease and advanced malignancies in need of palliative care. 20 Core competencies included preliminary echocardiographic evaluation of heart failure as well as anticoagulation and heart failure management. Nurses were supervised through regular outreach by cardiologists based in the capital, as well as by generalist physicians based at the local district hospital. Ultimately, the three initial outpatient clinics became training facilities that enabled the rest of the district hospitals in the country to establish similar services. In this paper, we describe the postoperative clinical management and outcomes for patients with RHD receiving care at the three original district-level clinics between 2007 and 2015.
METHODS

Study setting
Rwanda has a population of approximately 11 million people and is among the most densely populated countries in sub-Saharan Africa. 21 Over 80% of the Rwandan population works in agriculture; the poverty rate in 2013-2014 was 39% (at the national poverty line), and life expectancy was 64 years. 22 In 2015, Rwanda had 35 district hospitals, and there were 742 physicians and 8751 nurses working in the public sector. 22 PIH/IMB is a Rwanda-based NGO that works in coordination with its counterpart, Boston-based organisation, PIH. In 2005, PIH was invited by the Rwandan MOH to help strengthen healthcare services in rural districts of Rwanda. PIH/IMB support focuses on infrastructure, training, monitoring and evaluation, and quality improvement. PIH/IMB currently supports two districts in Eastern Rwanda (Kirehe and Southern Kayonza), as well as one district in Northern Rwanda (Burera).
Patients presenting with symptoms of heart failure or rheumatic fever to health centres in these PIH/IMB-supported districts are referred to district hospitals where they are initially evaluated by specialised NCD nurses trained in simplified echocardiographic diagnostic strategies that have been described elsewhere. 23 Patients thought to have cardiac disease that is potentially amenable to surgery are started on penicillin prophylaxis and referred to cardiologists at referral centres in Kigali (the capital). Those patients deemed to be good candidates for cardiac surgery based on the absence of significant comorbidities such as advanced kidney disease and significantly depressed left ventricular systolic function are placed on a waiting list.
Most cardiac surgery for Rwandans is performed by visiting teams at King Faisal Hospital in Kigali, which has been selected by the MOH as the national cardiac surgical referral centre. Although the number of surgeries performed is limited, patients covered by the community health insurance scheme (called 'Mutuelle de Santé' in French) benefit from a full subsidy by the MOH with support from different humanitarian organisations. 24 Additionally, the MOH supports some out-of-country referral (primarily to centres in India), and there are occasional opportunities for cardiac surgery at a regional humanitarian cardiac surgical centre in Sudan.
After cardiac surgery, patients from PIH/IMB-supported districts are followed by specialised NCD nurses at district hospitals, who monitor their clinical status and support adherence to penicillin prophylaxis. 20 Those patients in need of anticoagulation are seen at least monthly for INR testing and adjustment of warfarin dosing based on standardised algorithms. In cases where the INR falls below 2, patients are sometimes hospitalised for subcutaneous heparin until they return to therapeutic range. Nurses are supervised at least monthly by a visiting Rwandan MOH cardiologist based in Kigali (author ER) and are also regularly in contact by mobile phone with Kigali. Patients see a cardiologist at least twice a year. Patients in the lowest income categories do not have any co-payment and also receive transport assistance and food packages if needed. 
Healthcare delivery, economics and global health Data collection and analysis
This study is a retrospective review of patients with RHD who received cardiac surgery and were subsequently followed in the integrated NCD clinics at one of three PIH/IMB-supported rural district hospitals at Rwinkwavu (Southern Kayonza District), Kirehe (Kirehe District) and Butaro (Butaro District). All patients who underwent surgery for RHD from March 2007 to May 2015 and were followed up in one of these three districts were included in this study. Clinical data were manually extracted from patient records during chart reviews conducted between March through May 2015 by two cardiologists (ER, GB). The data extracted included patient demographics, socioeconomic status, clinical status before and after surgery using the New York Heart Association (NYHA) Classification, preoperative and postoperative echocardiography findings, and anticoagulation status using INR results. We described patient characteristics, preoperative diagnoses and postoperative status, using Fisher's exact test to assess difference by gender. We produced a heat map indicating the distribution of surgical cases per 100 000 population using ArcGIS. 25 We reported the median number of postoperative follow-up visits per year, the median percentage of a patient's visits where anticoagulation was assessed using the INR, the median percentage of a patient's visits when INR was <2, the median warfarin dose provided and the median per cent of a patient's visits when the warfarin dose changed. We described patient outcomes at the time of chart review, namely death or lost-to-follow-up defined as missing clinical visits or drug refill appointments for >2 months past the last scheduled date. For patients that died, we provided details on the patients' characteristics and surgery type. We used Stata V.12.1 for analyses. 26 
RESULTS
Patient characteristics and preoperative diagnosis
A total of 54 postoperative patients with RHD were included in this study, representing 6.5, 4.5 and 2.9 per 100 000 population for Kirehe, Burera and Southern Kayonza Districts, respectively (see figure 1 ). The median time from the initial NCD clinic visit to cardiac surgery for these patients was 1.3 years (range 0.2-5.5 years). The majority of patients were women (n=40/54; 74%) (table 1). Most patients were adults (age>15 years; n=46/54; 85%); the median age of adults was 22 years (IQR 18-27) and the median age of children was 11 years (IQR 9-13). About two-thirds of patients were residents of the Eastern Province, primarily in the districts of Kirehe (n=20/54; 37%) or Rwinkwavu (n=14/54; 26%). The remaining patients were residents of Burera District in the Northern Province (n=20/54; 37%). The majority of patients (34/43; 79%) had a dirt floor. There were no statistical differences in patient demographics by gender (P>0.05 for all factors).
Prior to surgery, 83% of patients had NYHA class III and IV symptoms. The mitral valve was predominantly affected by rheumatic lesions where pure mitral regurgitation (MR) was found in the majority of men (4/6; 67%) or in combination with tricuspid or aortic regurgitation for the remaining (5/8; 62.5%). Similarly, a majority of women (19/23; 82.6%) presented with isolated MR and/or mitral stenosis (MS) or in combination of tricuspid and aortic regurgitation in all the 17 cases. Disorders involving three valves were less common (2/25; 8%), all appearing in males with mitral valve disease, tricuspid and aortic regurgitation. (table 1) .
Type of surgery and outcomes
Among the 54 patients, there were 80 total valves replaced or repaired. The majority of patients required surgery for only one valve (n=30/54; 56%) while 41% (22/54) required surgery on two valves, and only 4% (2/54) underwent surgery on three valves. Half of the male participants (7/14; 50%) and over half of the female participants (23/40; 58%) underwent one valve replacement (P>0.99). After surgery, most of the patients (41/53; 77%) were asymptomatic (NYHA class I), and there was no statistical difference between men and women. During the period of follow-up (median of 3 years, with a range of 0.2-7.9 years), only four patients died (7.4%) and all four had a bioprosthetic valve replacement (table 2) . This included 2/3 (67%) of males (P=0.01) and 2/15 (13%) of females (P=0.19) with the bioprosthetic valve replacement. One female has received bioprosthetic valve replacement at age 9 and underwent mechanical valve replacement at age 15 due to severe calcification of bioprosthetic valve. The causes of death included heart failure secondary to postoperative left ventricle dysfunction, calcification of bioprosthesis and infective endocarditis.
Patients who were alive (50/54; 92.6%) received penicillin at their most recent clinical follow-up for secondary prevention of rheumatic fever. Penicillin was administered to 40/50 (80%) orally and 10/50 (20%) by intramuscular injection. Of the women, 6/40 (15%) became pregnant-all with bioprosthetic valves-and no death events were reported among them.
Anticoagulation
The INR was checked during 96% of all visits (table 3) . The median number of visits per year during which the INR was checked was 14 for all patients since surgery (Supplementary file 1) . The warfarin dose was changed during 35% of clinic visits with a median dose of 5.75 mg.
DISCUSSION
Our population of patients with RHD who underwent cardiac surgery was composed of children and young adults and predominantly females. Our patients were mostly the rural poor, as indicated by their district of residence and the fact that they were living in homes with dirt floors and were occupied in subsistence farming. Cardiac surgical registries in sub-Saharan Africa have not previously reported much socioeconomic information about their patients. However, it is well known that there is a dramatic urban bias in access to cardiac surgery in this region. For example, a recent review of 30 years of experience at a cardiac surgical centre in Ethiopia found that >90% of the patients who received cardiac surgery came from a big city or town, whereas >80% of Ethiopia is rural (even in 2016). 27 In contrast, our decentralised, integrated strategy was able to identify, diagnose and follow an impoverished rural population.
During an 8-year period, 54 patients with advanced RHD underwent cardiac surgery and were followed by nurses at clinical sites in rural Rwanda operated by the Rwandan MOH in partnership with PIH/IMB. Patients' symptoms greatly improved as 77% were asymptomatic after surgery. For those who remained in care, INR was regularly monitored with warfarin dosages adjusted as needed. These favourable outcomes demonstrate that patient follow-up after cardiac surgery can be conducted safely and effectively by nurses at rural district hospitals, and integrated with management of other severe NCDs. The success of this decentralised management depended on the monthly in-person supervision by the MOH cardiologist.
Over half of the patients (55%) underwent mechanical valve replacement, while bioprosthetic replacement was performed in 33% of cases and repair in 11%. Bioprostheses were mainly placed in young females with the intent of avoiding complications of anticoagulation during pregnancy.
Anticoagulation monitoring was robust and there were no known bleeding or thrombotic complications. Only 4 (7%) of the patients died during a median follow-up of 3 years. There were no deaths among patients with mechanical valves.
Though the number of patients receiving cardiac surgery was small in our study, there were two concerning trends that warrant future research. First, our study suggests that bioprosthetic valves in young patients with RHD may be prone to rapid degeneration and calcification. Of the 18 patients with bioprosthetic valves, 2 patients (11%) died of severe valve calcification. Mechanical valve replacement for patients in rural settings may be preferred. Over the life span of the Rwandan cardiac surgery experience, there was increasing confidence in the quality of decentralised anticoagulation for mechanical valves. Beginning in 2013, most of the surgeries performed among our cohort used a mechanical valve.
Second, the geographical distribution of the patients that received surgery within the PIH/IMB-supported districts shows a concentration in certain geographic sectors (figure 1). This suggests that there is likely underdiagnosis of advanced RHD-particularly in areas that are far from district hospitals. Since the time that the programme was initiated, the specialised nurses at the district hospital NCD clinics have facilitated further decentralisation of services to health centres serving populations of around 20 000 people. We hope that this decentralisation of chronic care for common NCDs such as hypertension and asthma will also increase recognition of more severe conditions such as heart failure and lead to more RHD diagnosis.
Nearly 93% of the patients in our study had received penicillin for secondary prophylaxis against group A streptococcal infections at the time of their most recent clinic visit. Strategies to prevent RHD should be pursued in parallel to increasing capacity for cardiac surgery and surgical follow-up. Consistent with the Addis Ababa communiqué on eradication of RHD in Africa, these strategies include (i) ensuring the supply of benzathine and oral penicillin to primary health centres to facilitate primary prophylaxis of streptococcal pharyngitis and (ii) making early diagnosis of RHD possible by decentralising echocardiography to firstlevel hospitals. 23 28 The role of echocardiographic screening in the control of RHD is not yet clear due to questions regarding the natural history of mild disease identified in asymptomatic individuals. 29 Scaling up access to both cardiac surgery and medical interventions to address RHD will require increased financing for health services. Additionally, there is need to support research on strategies for prevention and early detection. 30 
Limitations
The major limitation of this study is that it is a retrospective review of outcomes in a relatively small number of patients followed for between 2 months and 8 years. It will be important Healthcare delivery, economics and global health in the future to closely monitor the outcomes of this approach at a larger scale and over a longer period of time, particularly relative to challenges in supply chain management, information systems and supervision.
CONCLUSIONS
To our knowledge, this is first published report from an LLMIC in sub-Saharan Africa of nurse-led, decentralised follow-up of advanced RHD after cardiac surgery. Patients were followed in integrated NCD clinics at rural district hospitals. This programme was able to reach an extremely impoverished population with good results.
Since the time of this initial experience at three district hospitals, this service delivery model has now been implemented at most district hospitals in Rwanda and is facilitating expansion of access to cardiac surgery for the poor both by increasing case finding and assuring good outcomes. We believe that this model (of specialised, nurse-led clinics for severe chronic NCDs) has great potential for other LLMICS in sub-Saharan African with cardiac surgical programmes facing similar challenges.
Key questions
What is already known on this subject? ► In sub-Saharan Africa, there is no evidence yet on the clinical outcomes for nurse-led and decentralised follow-up of advanced rheumatic heart disease (RHD) after cardiac surgery.
What might this study add?
► This study adds evidence to the possibility of good outcomes in rural and resource-limited settings of patients with RHD after heart surgery, such as in rural Rwanda, by using a decentralised care model.
How might this impact on clinical practice?
► With appropriate training and supervision, it is feasible to safely decentralise follow-up of patients with RHD to nurseled specialised non-communicable disease clinics after cardiac surgery.
